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To provide improved recommendations for selecting an adequate lubrication method for tapered roller bearings (TRB’s), 
detailed measurements of global friction and temperature distribution in TRB is performed as function of different speed, 
loads.  Moreover, different lubrication methods will be investigated, considering different oil levels in the bearing housing. 
The experimental data will be compared with two existing frictional models, i.e., Harris and SKF models, and their range 
of applicability will be assessed. We anticipate that bearing friction and temperature distribution will be different w.r.t. 
the lubrication method and that corrections to the analytical models are necessary to improve their predicting capabilities. 
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1. Introduction 

The demand for enhanced performance and efficiency of 
roller bearings and lubricants is ever increasing. One of 
the key aspects to ensure efficient operation and 
increased lifetime of roller bearings is providing 
adequate lubrication for all operating conditions, e.g., 
high speeds, loads, temperature, extended re-lubricating 
intervals. This implies that a sufficient amount of 
lubricant must be supplied in order to establish non-
starved EHL conditions in the contacts, whereas heat and 
potential wear particles should be efficiently transported 
away from the contact area. Hence, evaluation of the 
bearing behavior under different lubrication modes is 
necessary to assess its performance. High-speed 
operations increase frictional wear owing to elevation in 
operating temperature. The frictional models discount 
many other sources of frictional losses and, therefore, 
shall be carefully evaluated [1]. This necessitates 
experimental quantification of friction losses and 
temperature distributions in tapered roller bearings under 
different operating conditions and lubrication methods.  

2. Methodology  

In this work, an in-house bearing test setup will be used 
to simulate different operating conditions (speed and 
load) and assess the influence of oil recirculation and oil-
jet lubrication. We experimentally determine the 
frictional losses and temperature distribution in axially 
loaded tapered roller bearings (40X68mm). A closed-
loop lubrication system is designed which enables the use 
of oil bath lubrication, oil recirculation and oil jet 
lubrication under controlled mass-flow rate and oil 
pressure (Table 1). The bearing temperature is measured 
using thermocouples mounted on an outer stationary 
raceway (Figure 1),whereas the friction force is measured 
by a load cell (Figure 2). 

Table 1: data  
Bearing Tapered (40X68mm) 

Oil pressure 20 bars 

         Oil flow 0.5 to 3 lpm 

 Numbers of nozzles 2 

Jet Velocity and angle 20m/s:90degree 

2.1. Basic equation 

Two analytical friction-prediction methods will be 
assessed against the experimental friction measurements. 
The first one is Harris model M =  Ml(f, L) + Mv(f, ϑ) + Mf(f, sl)                                          (1) Ml = f1Fβdm Mv = {160 × 10−7fodm3, ϑω < 200010−7fodm3(ϑω)23, ϑω ≥ 2000  Mf = ffFadm 

The second model is the SKF  M =  Mrr(f, rf) + Msl(f, slf) + MSeal + Mdrag                        (2) 

in which Mrr, rolling frictional moment includes effects 
of lubricant starvation and inlet shear heating [Nmm]; 
Msl, sliding frictional moment and includes the effects of 
the quality of lubrication conditions [Nmm]. The velocity 
of the jet from the nozzle must be greater than 20% of the 
circumferential speed of the inner rings of the bearing. 

2.2. Boundary conditions  

 
 

Figure 1 Thermocouples and 
Nozzles location 

 
 

Figure 2 FF 
measurement 

2.3. Experimental Results:  
Both friction models will be evaluated, and the accuracy 
will be assessed as well as their range of applicability. We 
also suggest which lubrication mode effectively cool the 
bearings and yields lesser bearing loss.  

3. Discussion 

Which lubrication methods are best suited to different 
operating conditions will be discussed based on 
experimental results. The number of nozzles required and 
will also be addressed. 
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